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GENETIC REGULARITIES  OF THE CHEMICAL COMPOSITION A N D  CERTAIN 

1 1 CHARACTERISTICS OF THE STRUCTURE AND O R I G I N  OF METEORITES 

'A .  A .  Yavnel ' 
I i I 
1 ! 

i I I 
ABSTRACT. The r e s u l t s  of an analysis  o f  t h e  chemical compo- 
s i t i o n  o f  meteori tes  a r e  discussed. Regular i t ies  a r e  shown - 
t o  e x i s t  which a r e  re f lec ted  i n  t h e  re la t ionship  of t h e  per- 
centage of t h e  metal i n  t h e  meteori te  t o  t h e  percentage of 
n i c k e l  i n  t h e  metal when  t h e  data  a r e  analyzed f o r  t h e  
t y p e s  of meteori tes ,  i n c l u d i n g  achondri tes ,  chondri tes ,  
mesosider i tes ,  p a l l a s i t e s  and s ider i tes .  
reached tha t  meteori te  mater ia l  was d i f f e ren t i a t ed  by 
chemical composition during various evolutionary s tages  
and t h a t  meteorites were formed from small bodies i n  which 
t h e  primary s t r u c t u r a l  f ea tu re s  were es tab l i shed .  

Conclusions a r e  

/ I  

In  solving t h e  problem of the  o r ig in  of meteori tes ,  an important p a r t  is '/139* 
played by t h e  study of t h e i r  mat ter ,  p a r t i c u l a r l y  chemical composition and 

s t ruc tu re .  

the  me ta l l i c .  

magnesium s i l i c a t e s .  

with the  addi t ion  of cobal t  and o ther  elements. In addi t ion  t o  these  two 

components phases a r e  a l s o  present  i n  meteori tes  which belong t o  other  mineral 

c lasses .  The most abundant of these  i s  t r o i l i t e - i r o n  su l f ide .  

Meteor i t ic  mat ter  cons is t s  mainly of two phasks: t h e  s i l i c a t e  and 
The s i l i c a t e  phase is  composed of minerals which a r e  mainly - -  

The m e t a l l i c  phase i s  a s o l i d  so lu t ion  of n icke l  i n  i ron  

Depending on t h e  r a t i o  between t h e  s i l i c a t e  and me ta l l i c  phases, meteor- 

i t e s  a r e  divided i n t o  th ree  c lasses :  

i t e s .  Among these  c lasses  the  author [l] i s o l a t e s  t h e  following sub c l a s ses ,  

arranged i n  decreasing order of t h e  s i l i c a t e  phase: 

calcium-poor achondrites;  chondrites;  mesosider i tes ;  p a l l a s i t e s ;  and s i d e r i t e s .  

Meteorites of these  sub c lasses  d i f f e r  from each o the r  i n  composition and 

the  stony, s tony-iron and i ron  meteor- 

calcium-rich achondrites ; 

s t ruc tu re .  

within each sub c l a s s .  

t h a t  i n  chondrites t he  FeO content is  increased i n  the  s i l i c a t e  phase and 

simultaneously the  m e t a l l i c  phase content decreases;  as  a r e s u l t  t h e  n icke l  

S ign i f i can t  va r i a t ions  i n  chemical composition a re  a l s o  observed 

Previous inves t iga t ions  by P r i o r  [2] have es tab l i shed  

content i n  t h e  metal increases .  

*Numbers i n  the  margin ind ica t e  pagination i n  the  foreign t e x t .  
~ ____._ 
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Urey and Craig [ 3 ]  div ide  chondrites i n t o  two groups according t o  the 

t o t a l  content of i r o n  i n  them. 
i 

During t h e  inves t iga t ion  of this problem the author I4,5] used the most 

r e l i a b l e  r e s u l t s  of t he  ana lys i s  OF meteori tes  of a l l  c lasses .  

make i s  poss ib le  t o  compare t h e  b a s i c  composition of meteori tes ,  s e l ec t ed  a s  

c h a r a c t e r i s t i c  were FeO i n  the  s i l i c a t e  phase, N i  i n  t he  meta l l ic .phase  and 

nickel- i ron.  

i ron  meteori tes  and t h e  m e t a l l i c  phase of stoney and stoney-iron meteor i tes .  

r n  order  t o  

Spec i f i ca l ly  this permitted us t o  compare the composition of 

The r e s u l t s  of t h e  processing of ana ly t i ca l  da ta  a r e  shown i n  the form 

of b a r  graphs. 

na tu ra l ly  only a b a r  graph of the n icke l  content has been p l o t t e d  (see Figure 

For i ron  meteori tes  based on an ana lys i s  of over 400 meteori tes ,  

1). 

XI 

- 

% Ni i n  
Metal 

Figure 1 .  D i s t r i b u t i o n  of [ ron  Meteor i tes by Nickel Content, 

It is  obvious t h a t  the d i s t r i b u t i o n  o f  i r o n  meteori tes  by n icke l  concen- 

t r a t i o n  has a complex nature .  

5.6% N i ,  a maximum a t  approximately 8% N i ,  a s  w e l l  as a group of meteor i tes  

with an average content of approximately 14% N i ,  and a maximum i n  the  region 

20-40% N i  near  60% N i .  

ind ica tes ,  first of a l l ,  t h a t  t h e i r  c r y s t a l l i z a t i o n  could not  have occurred i n  

one mass, f o r  example, i n  t he  center  of a s i n g l e  parent  p l ane t .  Even i f  w e  

assume t h e  l i qua t ion  of an o r ig ina l  i ron-nickel  melt  during s o l i d i f i c a t i o n ,  it 
would lead only t o  a continuous change i n  i t s  composition. 

A sharp maximum is i s o l a t e d  on t h e  graph w i t h  

- /140 
The presence of severa l  groups of i r o n  meteorr tes  

2 
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We s h a l l  examine the  composition of chondri tes ,  which represent  the most 

abundant type of meteori tes .  

sh ip  of chondrites,  compiled from the  r e s u l t s  of the ana lys i s  of %lo0 meteo- 

r i t e s  demonstrate t h e  d iv i s ion  of chondrites i n t o  groups according t o  n icke l -  

i ron  content,  N i  i n  t h e  me ta l l i c  phase and FeO i n  t h e  s i l i c a t e  phase [see Fig- 

u re  2 ) .  

f i c a n t  quant i ty  of FeO i n  s i l i c a t e  minerals and a m a x i m u m  i n  the  m e t a l l i c  phase. 

Groups I1 and I11 chondrites a re  more c l e a r l y  dis t inguished by the quan t i ty  of 

nickel- i ron,  while Group I V  i s  dis t inguished by M i  i n  t h e  m e t a l l i c  phase. In  

addi t ion,  i n  a group of chondrites (carbonaceous chondrites) t h e r e  is  p r a c t i -  

c a l l y  no nickel- i ron.  

t i on  of f i v e  groups of chondri tes ,  we see  that n i cke l  i n  these  amounts on the 

averages t o  6.5, 9 ,  14, 30 and > 50%. Thus, t he re  is a s p e c i f i c  co r re l a t ion  

between this composition and n i cke l  content i n  f ive  groups of i r o n  meteori tes .  

Bar graphs of the composition and phase r e l a t i o n -  

Group I of t h e  chondr i tes - -ens ta t i te  chondrites--contain an in s ign i -  

If we tu rn  our a t t e n t i o n  t o  the metallic phase composi- 

The r e s u l t s  obtained confirmed the r e l a t ionsh ip  between composition and 

t h e  number of phases i n  chondrites--the so-cal led P r i o r  r u l e ,  

cont ras t  t o  P r i o r ' s  assumption, i t  does not  have a continuous bu t  a d i s c r e t e  

nature ,  as  a r e s u l t  of which w e  have termed it the  P r i o r  "group" r u l e .  

However, i n  

A s i m i l a r  examination of the composition of s tony-iron meteori tes ,  

including p a l l a s i t e s  and mesosider i tes  was based on a small number of ava i l ab le  

analyses,  which r e su l t ed  i n  t e n t a t i v e  conclusions only. 

composition b a r  graph (see Figure 3) it is poss ib le  t o  d i s t ingu i sh  t h e i r  separa- 

On the  p a l l a s i t e  

t i on  by se l ec t ed  ind ica to r s  i n t o  two groups. 

Ni i n  nickel- i ron,  which corresponds t o  Group I1 of i r o n  meteor i tes .  

I n  one group there i s  5.5-12% 

According 

t o  nickel- i ron composition (13-17% Ni) another group of p a l l a s i t e s  i s  c lose  t o  

Group I11 of  the  i r o n  meteori tes .  Further ,  i t  can be seen from t h e  da ta  

obtained t h a t  i n  p a l l a s i t e s  a regular  r e l a t ionsh ip  is seen between the  quant i ty  

/141 and composition of nickel- i ron and t h e  FeO content i n  t he  s i l i c a t e  phase, - 
s imi l a r  t o  the  P r i o r  Group r u l e  i n  chondri tes .  

In analyzing the  b a r  graph of t he  composition of mesosider i tes  [see Figure 

4 ) ,  it may be  assumed t h a t  the  main mass of meteori tes  of t h i s  type f a l l  i n t o  
one group. Judging by the  nickel  content i n  the  m e t a l l i c  phase, i t  is  much 

more l i k e l y  t h a t  they correspond t o  Group I1 of i r o n  meteor i tes .  An exeception 



- _I - .  _ _  ~ -_ - .  

is the  Benkubbin mesosiderite which s tands out from the  t o t a l  number by i t s  

reduced FeO content i n  nickel  s i l i ca te  (5.8%) i n  metal, which is c h a r a c t e r i s t i c  

f o r  Group 

Figure 2. T h e  Distr ibut ion of  Chondrites by Content o f  
FeO, Nickel and Metal. 

~ . . . . _._ . . , . , 

The b a r  graphs of the  composition of a f e w  sub c lasses  of achondrites 

with an i n s i g n i f i c a n t  quant i ty  of nickel- i ron character ize  the  content of 

main elements i n  the s i l i c a t e  phase. 

achondrites i n t o  groups. 

Here w e  a l s o  note  the  d iv is ion  of 

Calcium-poor achondrites may be combined i n t o  f i v e  

4 



groups, depending on SiOz, MgO and FeO content (see Figure 51.. TILerefore, 

i n  o r b i t s  there  is  nickel- i ron with a concentration of 5..64 N i ,  which corres- 

ponds t o  Group I of i r o n  meteori tes ,  and 27-33% N i  i n  amphoterites, which 

corresponds t o  Group IV. 

" 1  6 

N 

"I 
in Silicate 

- /7 

Figure 3. The Distribution o f  
Patlasites by Content of  FeO, 
Nickel and Metal. 

Calcium-rich achondrites a r e  a l s o  

divided i n t o  severa l  groups by SiOz, 

MgO, FeO, A1203 and CaO,  however, 

(since the quan t i ty  of diffused 

n icke l - i ron  i n  them is i n s i g n i f i c a n t l y  

small)  t he re  are no da ta  concerning 

the quan t i ty  of n icke l  i n  them (see 

Figure 6 ) .  

Thus, a s p e c i f i c  r e l a t ionsh ip  

e x i s t s  between d i f f e r e n t  types of 

meteori tes  which can be t raced q u i t e  

c l e a r l y  due t o  t h e  presence i n  them of 

nickel- i ron.  
change i n  t h e  quant i ty  of n icke l - i ron  

i n  meteori tes  designates a t r a n s i t i o n  

On t h e  one hand, a 

from stoney meteori tes  t o  i r o n  meteo- 

r i tes  through intermediate forms. If 

w e  compare t h e  nickel- i ron composition (by n i cke l  content]  ih d i f f e r e n t  types 

of meteori tes ,  their genet ic  r e l a t ionsh ip  appears even more c l ea r ly .  

Therefore, the r e l a t i o n s g p  between the d i f f e r e n t  types of meteor i tes  i s  

shown on a graph where the percent  of nickel- i ron i n  the meteori te  is  shown 

on the  ord ina te  and the percentage of  n i cke l  i n  the m e t a l l i c  phase (see Figure 

7) i s  shown along the abcissa .  
t he  r e l a t ionsh ip  between the  quant i ty  and t h e  composition of n i cke l  i r o n  i n  
chondrites and stony-iron meteori tes .  

rites t o  t h e  number of chondrites of corresponding groups a l so  decreases 

regular ly  during the t r a n s i t i o n  from Group I t o  Group V [ 6 ] .  

nection of the  m e t a l l i c  phase of s tony and stony-iron meteori tes  wi th  i ron  
meteori tes  d e f i n i t e l y  ind ica t e s  t h e i r  common o r ig in .  

The r e g u l a r i t y  can be  seen i n  the graph i n  

The r a t i o  o f  t h e  number of i ron  meteo- 

The d i r e c t  con- 

5 
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Figure 5. The Distribution.of Calcium-Poor Achondrites by S i 0 2 ,  
MgO and FeO Content. _ _  
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Figure 6 .  The Dis t r ibu t ion  of Calcium-Rich Achondrites by S i O , ,  Mg0, 

FeO, A1  0 and CaO Content. 
2 3  

Fina l ly ,  t he  c lose  gene t ic  r e l a t ionsh ip  of stony and i ron  meteorltes of 

a given group is  also indicated by the  change i n  t h e  degree of thermo meta- 

morphism of t h e i r  s t r u c t u r e .  Both' in s tones (chondrites) as  w e l l  as i n  i rons  

t h e  maximum degree of thermo metamorphism of s t r u c t u r e ,  r e f l e c t e d  i n  t h e  

r e c r y s t a l l i z a t i o n  of mat ter ,  is possessed by  meteori tes  i n  Group I. 

the  t r a n s i t i o n  t o  subsequent groups both t h e  number of r e c r y s t a l l i z e d  meteor- 

i t e s  as wel l  as  the temperature of t h e i r  repeated hea t ing  decreases regular ly .  

Therefore the  matter  of meteori tes  was heated t o  the  poin t  where the  meteori tes  

became indiv idua l  masses, re leased from l a rge r  bodies.  

During 
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A subsequent study of r e g u l a r i t i e s  i n  the  d i s t r i b u t i o n  of the chemical 

composition of meteori tes  reveals  t h a t  t he  processes of d i f f e r e n t i a t i o n  of 

meteoritic matter  which r e f l e c t  these  r e g u l a r i t i e s  were q u i t e  complex and 

probably occurred during various s t e p s  i n  i t s  evolution. 

s p e c i f i c a l l y  t o  t h e  composition of chondrites.  

i s t i c  of t h e i r  composition the  r a t i o  of t he  var ious forms of i r o n  and t h e  

atomic r a t i o  of t he  t o t a l  i r o n  content t o  the  s i l i c o n  content,  we [7] have 

p lo t t ed  a graph (see Figure 8 ) .  

q u a n t i t i e s  of fe r rous  i ron ,  me ta l l i c  i ron  and i r o n  s u l f i d e .  

character ized t h e  composition of chondrites and c l e a r l y  confirm t h e  d iv i s ion  

of chondrites i n t o  groups dis t inguished by t o t a l  i ron  content.  P a r t i c u l a r l y  

outstanding a r e  Groups I1 and 111, which correspond t o  two groups o f  chondrites 

found by Urey and Craig €31, while the  Group I chondrites ( e n s t a t i t e s )  a r e  

/144 

This p e r t a i n s  

Having se lec ted  a s  a character-  

The axes of t h e  graph show the  r e l a t i v e  
The dashed areas  

divided i n t o  two sub groups, and Group V (carbonaceous) is divided i n t o  th ree  

sub groups. 

The r e s u l t s  obtained show t h a t  changes i n  t h e  t o t a l  i r o n  content and i n  /145 

the  r e l a t ionsh ips  of t he  d i f f e r e n t  forms i n  the  groups o f  chondrites a r e  
regular .  

may be divided i n t o  three  sequences o r  branches. 

According t o  these  ind ica to r s  t he  chondrites i n  a first approximation 

The first branch is made i p  
of e n s t a t i t e  chondrites Ia-Ib; t he  second branch is made up of bronzi te -  

, hypersthene chondrites,  1 1 - 1 1 1 - I V ;  t h e  t h i r d  group is made up of carbonaceous 

condri tes  , Va-Vb-Vc. 

Chondrites form the b a s i c  mass of meteori tes  and therefore  an explanation 

of t h e  r e g u l a r i t i e s  i n  their  composition has p a r t i c u l a r  s ign i f icance  i n  charac- 
t e r i z i n g  processes which occur during the various s t ages  of t he  h i s t o r y  of 

me teo r i t i c  mat ter .  The d i f f e r e n t  r a t i o  of t h e  t o t a l  content of i ron  t o  s i l i c o n  

most l i k e l y  ind ica t e s  occurrences of e a r l y  d i f f e r e n t a t i o n  of mat te r .  

duction i n  the  quant i ty  of fe r rous  s u l f i d e  ind ica t e s  o r ig ina l  s u l f u r  losses  

which occured inc ident ly  with losses  of o ther  v o l a t i l e  components, including 

water and carbon compounds. 

and m e t a l l i c  i ron  charac te r izes  d i f f e r e n t  degrees of i t s  oxidat ion.  

The re -  /146 
7 '  

A change i n  t h e  r e l a t i v e  content of fe r rous  i r o n  

- 
8 



I E  w e  examined the  r e s u l t s  obtained from t h i s  po in t  o f  view, we s h a l l  

see t h a t  t h e  t r a n s i t i o n  from Groups Vc t o  V a  of carbonaceous chondrites i s  

accompanied by losses  of  v o l a t i l e  components and by t h e  subsequent reduct ion 

of p a r t  of t he  i ron  oxides. In  t h e  Group Va a small loss  i n  s u l f u r  is  noted 

which occurs i n  p a r a l l e l ' w i t h  t h e  reduction process.  During the  t r a n s i t i o n  

from Group Iv  t o  I1 of ordinary (bronzide-hypersthene) chondrites,  i ron  

reduction is  a l so  noted with a ce r t a in  s u l f u r  l o s s .  

I /  -hi; % N i  
tin Metal 

?der i tes 
rP.i.;---a.- e 

28 30 -_ . 10 

F i g u r e  7. The  Relationship Between N i  Content in  Metal and t h e  
Quant i ty  o f  Metal in Meteorites of Various Types. 

.9 
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However, the  processes of mat ter  d i f f e r e n t i a t i o n  on the  one hand and losses  

of v o l a t i l e  components and i ron  reduction on the  o ther  apparently occurred i n  

opposing d i r ec t ions  i n  carbonaceous and ordinary chondrites.  This i nd ica t e s  

a d i f f e r e n t  evolution f o r  carbonaceous and ordinary chondrites which must be 

taken i n t o  considerat ion i n  es tab l i sh ing  a gene t i c  r e l a t ionsh ip  between them. 

In order  t o  c l a r i f y  gene t ic  r e l a t ionsh ips  between the  d i f f e r e n t  types of 

meteori tes  i t  is necessary t o  use data  r e f l e c t i n g  t h e  content of minor 

impuri t ies  i n  the  i so top ic  composition o f  elements. 

germanium i n  nickel- i ron meteori tes  presents  a g r e a t  deal  of i n t e r e s t  i n  this 

regard. As es tab l i shed  by Brown and h i s  colleagues [8, 91, i ron  meteori tes  

may be  divided i n t o  four  groups by galium and germanium content;  these  groups 
do not coincide with t h e  n icke l  groups, which may ind ica t e  d i f f e r e n t  conditions 

of mat ter  formation. I t  was shown by t h e  author [ ] t h a t  t he  c r y s t a l l i z a t i o n  

of i ron  meteori tes  of t h i s  group a l s o  occurred und 

This conclusion is confirmed by the  r e s u l t s  of an ana lys i s  of the s t r u c t u r a l  

formation of i r o n  meteori tes  which represent  a nickel- i ron a l l o y  w i t h  a n icke l  

content which va r i e s  within wide l i m i t s .  

composition and s t r u c t u r e  it is  necessary t o  examine t h e  phase diagram of the  

i ron-nickel  system which is  shown i n  Figure 9.  I t  i s  apparent from this f i g -  

ure t h a t  phase transformations i n  nickel- i ron occur during i ts  cooling. 

The content of galium and 

/ I  

d i f f e r e n t  conditions.  

/147 - 
In order  t o  explain t h e i r  phase 

After  

c r y s t a l l i z a t i o n  of t he  a l l o y  from the l iqu id  phase, the y-phase forms, which 

is a s o l i d  so lu t ion  of n icke l  i n  the  face-centered cubic l a t t i c e  of i ron ,  

s t a b l e  a t  high temperatures. When the  temperature of t he  i n i t i a t i o n  of the  

phase transformation is reached, t he  a-phass forms i n  the  a l loy ;  t h i s  i s  a 

s o l i d  so lu t ion  of n icke l  i n  the  body-centered cubic l a t t i c e  of i r o n  and the  

a l loy  passes  t o  the  two-phase region a + y. 

If t h e  a l l o y  contains l e s s  than 6% mickel, t he  transformation y -t a is 

f u l l y  completed and t h e  a l l o y  cons is t s  of t he  a-phase alone. 

is cooled slowly the s t r u c t u r e  of such meteori tes  i s  of ten  represented by 

+phase c r y s t a l s  which w e  a l s o  observe i n  so-cal led hexahedrites.  

content of n’ickel t h e  a l l o y  even a t  low temperatures remains i n  the two-phase 

region. 

Since the  a l l o y  

With a higher  

In  view of t he  fact t h a t  t he  formation of t h e  a-phase occurs along 

t h e  planes of the  octahedron o f  t he  c r y s t a l  l a t t i c e  of the  y-phase, t he  

10 



s t r u c t u r e  of s imi l a r  meteori tes ,  ca l l ed  oc tahedr i tes ,  have the  form of a-phase 

bars ,  bordered by y-phase s t r i p s  and in t e r sec t ing  a t  appropriate  angles.  

. .  
. .  . 

Iron Sul f ide  

I .  

Ferrous 6 l i c  Iron 

Figure  8. The Relat ive Quan t i t i e s  of Iron and i t s  Forms and Chondrites. 

Since t h e  growth of a-phase c r y s t a l s  i s  a d i f fus ion  process which has a 

c l e a r  dependence on temperature, the  width of t h e  bars  of t h i s  phase decrease 

with an increase  i n  the  n icke l  content which reduces the  y -f a transformation 

temperature. 

ence of the  c r y s t a l l i z a t i o n  and r e c r y s t a l l i z a t i o n  of t h e  a l loy ,  bu t  a l s o  by t h e  

nickel- i ron composition. 

The s t r u c t u r e  of meteori tes  is  af fec ted  not  only by t h e  i n f l u -  

Thus t h e  width of t he  a-phase bars  must decrease with an increase  i n  

pressure which reduces the  transformation temperature, and with an increase  

i n  the  a l l o y  cooling r a t e .  

I t  is  apparent from t h e  graph (see Figure 10) t h a t  meteori tes  of individual  

Ga-Ge groups have a d i f f e r e n t  s t r u c t u r a l  dependence on t h e  n icke l  content which 

is explained by the  d i f fe rence  i n  the  conditions of t h e i r  c r y s t a l l i z a t i o n .  A 
IC /148 

de ta i l ed  s tudy o f  t he  phase composition and s t r u c t u r e  o f  i r o n  meteori tes  allows 

us the evaluat ion of these  condi t ions.  

-11 



F i r s t  of a l l  i t  is  necessary t o  

determine the  pressure a t  which c r y s t a l -  
, -  

__  l i z a t i o n  occurred. I n  the  opinion of 

Ringwood and Kaufman [ll] , judging by L 
I 

**‘ rd $-,- . 
“&J - the  phase diagram of the  Fe-Ni system, 

the  phase composition and s t r u c t u r e  

observed i n  i r o n  meteori tes  could not  

form a t  a pressure above 6-10 atm. . 
However, t h i s  estimate gives only an 

upper l i m i t  f o r  t h e  pressure value.  

Therefore i n  order t o  determine t h e  

pressure,  severa l  authors examined the  

4 

8 

- -. 
. \  formative conditions i n  i r o n  meteorites 

of c e r t a i n  minerals,  pr imari ly  diamond. 

Urey [12] ,  f o r  example, proceeds 

from t h e  f a c t  t h a t  the  formation of 

diamonds i n  meteors requires  the  high 

pressure - % 3.104 atm and a temperature 
I._ 

- f.3 22 3 40 50 60 70 80 92 Ni 

of 1000-1200° C ,  because he bel ieves  

t h a t  a t  l e a s t  one of the  parent -objec ts  

w a s  of lunar dimensions. 

F i g u r e  9. Phase Diagram of  t h e  

iron-Nickel System. 
Anders ’ [ 13, 

141 presents  the mechanism of the  formation of diamonds i n  i ron  meteori tes  

d i f f e r e n t l y .  

E o n  i n  connection with a shock. A. P. Vinogradov and G .  P .  Vdovykin [15] 

He bel ieves  t h a t  high pressures a r e  not  required; diamonds can 

be l ieve  t h a t  diamonds i n  stony meteori tes  were formed i n  carbon matter  as a 

r e s u l t  of i n t e r n a l  tensions a l so  i n  connection with a shock. 

A t  the  present time a discussion i s  being car r ied  on with respect  t o  t h e  

conditions of the formation i n  i r o n  meteorites of another mineral--cohenite 

(nickel-iron carbide).  In the opinion of Ringwood [16, 171 t h i s  mineral was 

preserved i n  meteorites under the influence of pressures  above 2.5.10 4 atm, 

whereas Lipschutz and Anders [13, 181 maintain t h a t  t h e  s t a b i l i t y  of cohenite 

is not  affected by pressure.  



. . .. .~ 

Figure 10. T h e  S t ruc ture  of Iron Meteorites of Different  Ga-Ge Groups As a 
Function o f  Nickel Content. 

F ina l ly ,  i n  a recent  work Marvin [19] noted i n  c e r t a i n  i ron  meteori tes  

a modification of quar tz ,  or t r idymite ,  which is s t a b l e  a t  pressures  of no t  

more than 3000 atm. 

parent  body, t he  diameter of  the  l a t t e r  can not  exceed 800 km ( the  diamerer 

of the  a s t e ro id  Ceres). 

If we accept t h i s  pressure est imate  a t  the  center  of t h e  

Further ,  it is  poss ib le  t o  determine t h e  time of t h e  s t r u c t u r a l  formation 

of i r o n  meteori tes ,  based on a study of t h e i r  phase composition. 

t i ons  which we accomplished [20] by t h e  method of z-ray spec t ra l .microanalys is  

revealed t h a t  me teo r i t i c  i r o n  i s  not  i n  an equilibrium s t a t e .  This i s  c l e a r l y  

seen (see Figure 11) on the  graph which shows the  content of t he  b a s i c  elements 

Fe ,  N i ,  Co and the a- and y-phases of t he  Chebankol oc tahedr i te .  

n icke l  concentration i n  the  y-phase a t  the  boundary with the  a-phase equals 

42%, within t h e  y-phase band the  f ixed  concentration amounts t o  only 20% N i .  

I t  follows from t h i s  t h a t  t h e  minimum equilibrium temperature a t t a ined  by t h e  

a l loy  was approximately 600" C.  Our r e s u l t s  were confirmed by o ther  authors 

[21, 22, 231. Massalski and Park [24] calculated t h a t  t he  time i n t e r v a l  f o r  

the formation of t h e  s t r u c t u r e  of i ron  meteori tes  i n  a body with a diameter 
7 8  of 200-400 km is of t he  order  of 10 -10 

the  r e s u l t s  of an approximation o f  t he  r a t e  of growth of phosphides i n  i r o n  

meteori tes  [25], which may serve as  i n d i r e c t  conformation of t he  est imate  of  

parent  body dimensions. 

Invest iga-  

- /149 

If t h e  

years .  This t i m e  i n t e r v a l  agrees with 

13 . .  
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Figure 1 1 .  The Distr ibut ion of Nicke l ,  Iron and Cobalt i n  t h e  
y-Phase w i t h  t h e  Inclusion of a F i n e l y  Divided a + y Mixture. 

I n  t h i s  sho r t  survey we did not  touch upon questions associated with 

the  s t r u c t u r a l  formation of stony meteori tes ,  including t h e  question of t h e  

o r ig in  of chondrites.  

that a t  t h e  present  time various poin ts  of view e x i s t  regarding the o r ig in  

of chondrites and’these can be divided b a s i c a l l y  i n t o  th ree  grousp: 

densation from a gas cloud; 2) spraying of drops i n  connection with the  

I n  t h i s  connection it is  poss ib le  t o  ind ica t e  only 

1) con- 

c o l l i s i o n  of planetoids;  3) volcanic  ac t ion  on parent  bodies.  In  favor  of t h e  

hypothesis of t he  p r i o r  formation of chondri tes  i s  t h e  recent  work of Merri- 

hue [ 2 6 ]  i n  p a r t i c u l a r ,  which concerns t h e  excess of t he  xenon 129 isotope 

i n  chondrites of t he  Bruderheim meteori te .  

C O N C L U S I O N S  

1, A t  various s t ages  i n  the  evolut ion of me teo r i t i c  mat ter ,  i t s  d i f f e r -  - /150 

enta t ion  by chemical composition occurred which must be considered i n  dividing 

meteori tes  i n t o  groups depending on chemical p rope r t i e s .  

2. 

dimensions, i n  which the  b a s i c  fea tures  of their  i n t e r n a l  s t r u c t u r e  were 

Meteori tes  were formed from severa l  parent  bodies probably of  a s t e ro ida l  

u l t imate ly  formed . 
14 
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